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INVESTIGATION OF MODIFICATIONS OF A TWIN-DUCT SIDE ll!KLET 

UTILIZING A BOUNDARY-LAXER REMOVAL SLOT AT 
~ 

MACH NUMBERS FROM 1-39 TO 2.10" 

By Norman E. Sorensen and Thomas J. Gregory 

SUMMARY 

e 
A wind-tunnel investigation at Mach numbers from 1.59 t o  2.10 has 

been made t o  evaluate the effects  on i n l e t  performance of severalmodif i -  
cations t o  a model of a twin-duct side-inlet  system with variable geometry. 
The modifications included providing boundary-layer removal through a s l o t  
a t  the i n l e t  throat ,  a l te r ing  the external and in te rna l  cowl and duct con- 
tours, increasing the fuselage length ahead of the in le t s ,  and a l te r ing  
the height and shape of the fuselage boundary-layer diverter.  

It was shown that with boundary-layer bleed through the s l o t ,  the  
maximum total-pressure recovery was  improved about 3 t o  5 percent. Compu- 
ta t ions showed tha t  i f  the model w a s  considered t o  be 1/8-scale the reduc- 
t ion  i n  drag due t o  reduced i n i t i a l  cowl angle and f ron ta l  area of the 
modified cowls reduced the ful l -scale  airplane drag about 1170 pounds f o r  
f l i g h t  a t  Mach number 2.0 a t  an a l t i tude  of 35,000 f ee t  (NASA standard ' 

day). Considerable variation i n  the plan-form s h a p  of the boundary- 
layer diver ter  did not s ignif icant ly  a l t e r  the maximum total-pressure 
recovery. 
prevented be t t e r  performance of t h i s  twin-duct side i n l e t  from being 
achieved. 

Unfavorable location of the i n l e t  i n  the fuselage flow f i e l d  

IIVTRODUC TION 

The most desirable character is t ics  of an air-induction system, 
nmely, minimum drag and maximum pressure recovery, usually cannot be 
achieved simultaneously. 
able compromise of external drag and in te rna l  performance. 
of a possible compromise is contained i n  the experimental resu l t s  r e p r t e d  

Hence, most i n l e t  designs represent a reason- 
An exmple 
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i n  reference 1. Considerable improvement i n  over-all system performance 
of-an axial ly  symmetric i n l e t  system resulted from incorporating a rapid 
turn in  the in te rna l  flow a t  the i n l e t  throat,  thereby permitting a s i z -  e 
able reduction i n  the external cowl angles and i n  the f ron ta l  area of the 
system. 
in  internal  performance. 

The reduction in  external drag more than offset  the s m a l l  penalty 

In another investigation (ref .  2) high pressure recovery of an in l e t  
system was achieved through the use of a large boundary-layer bleed slot 
a t  the throat of a two-dimensional external compression in l e t  similar to 
tha t  of the present investigation. a 

The foregoing resu l t s  were used as a design guide i n  modifying the 
existing twin-duct s ide- inlet  model used i n  reference 3.  Accordingly, a 
wind-tunnel investigation was made to evaluate the effects  on in l e t  per- 

A 
2 
1 f ormance of 

providing boundary-layer removal through a s l o t  a t  the in l e t  throat, a l t e r -  
ing the external and internal  cowl contours, increasing the fuselage ,., 
length ahead of the in l e t s  which provides f o r  more fuselage volume, and 
al ter ing the height and shape of the fuselage boundary-layer diverter.  

several  modifications to a double -ramp variable -geometry con- 
figuration designed f o r  Mach number 2.0. The modifications included 4 

The t e s t s  were conducted i n  the 9- by "-foot t e s t  section of the 
Ames Unitary Plan Wind Tunnel a t  a Reynolds number of about 2.3X106 per 
foo t .  The ranges of Mach number and angle of attack of the investigation 
were 1.39 t o  2.10 and 0' t o  >O, respectively. 

SYMBOLS 

Ac 

CX 

'omin 
C 

h 

M i  

% 

mbl 

m3 

capture area of the model, 16.406 in.2 (sum of both in l e t s )  

external-chord-force coefficient based on capture area & 

minimum CX f o r  the or iginal  cowls 

boundary - laye r he ight 

loca l  Mach number immediately ahead of the f i r s t  ramp 

f ree  -stream Mach number 

estimated mass r a t e  of flow through the boundary-layer bleed 
s l o t s  

m a s s  r a t e  of flow through the compressor face measured a t  the 
eight static-pressure or i f  ices 
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CO 

CO' 

Cmin 

C i  

DO 

DO ' 

Dcb 

De 

DS 
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mass ra te  of flow of free-stream air through an area equal t o  & 

p i to t  pressure measured by the boundary-layer rake 

t o t a l  pressure at the compressor face 

t o t a l  .pressure of the f r ee  stream 

total-pressure d is tor t ion  parameter a t  the compressor face, 

angle of attack measured from the  body reference axis 

angle of s idesl ip ,  positive t o  the l e f t  

second ramp angle (includes f i r s t  ramp angle) 

Configuration Notation 
(See f igs .  2 and 3) 

or ig ina l  cowl 

or ig ina l  cowl with only the outside modified t o  reduce the 
i n i t i a l  cowl angle and the f ron ta l  area 

cowl with the minimum f ron ta l  area and rapid in te rna l  turning 
of the flow 

cowl providing f o r  increased boundary-layer diver ter  height 

or ig ina l  boundary-layer diver ter  

or ig ina l  boundary-layer diver ter  modified t o  provide f o r  increased 
height 

boundary-layer diver ter  with a center body 

extended boundary-layer diver ter  with the l i p  of the f i r s t  ramp 
extended 

boundary-layer diver ter  with the sharp l i p  



GX position of boundary-layer-bleed gate, wi t - -  the subscript (x) 
representing the percent of maximum gate area (maximum area 
f o r  both gates = 5.55 sq in.)  

fuselage configuration with the long nose NL 

NS fuselage configuration with the short  nose 

S s l o t  at  the throat of the i n l e t  (area f o r  both s l o t s  = 3.23 sq 
in. ) 

SO no s l o t  i n  the i n l e t  

MODEL DESCRIPTION 

The model consisted of a fuselage forebody and twin in l e t s  which 
combined into a common duct ahead of the compressor-face s ta t ion.  Fig- 
ure l ( a )  shows the model mounted on a s t ing  i n  the wind tunnel; f i g -  
ure l ( b )  shows a d e t a i l  view of one of the in le t s ;  and figures l ( c )  and 
(a) show two of the cowls. Figure 2 i s  a general outl ine of the model 
and i t s  instrumentation. Details of the cowls, s lo t s ,  and fuselage 
boundary-layer diverters tes ted are shown i n  figure 3. A t a b l e  of coor- 
dinates for the cowls is  presented i n  tab le  I, and the duct area d i s -  
t r ibut ions up t o  the compressor-face s t a t ion  are  presented i n  figure 4. 

Details of the compressor-face rake, the flow wedges f o r  measuring 
the loca l  flow direction and loca l  Mach number immediately ahead of the 
f i r s t  ramp of the inlet., the boundary-layer rake, and the  
contours are shown i n  figure '2. Mass flow through the main 
through the two fuselage boundary-layer diver ter  ducts was regulated by 
movable plugs near the base of the model. 
layer bleed s l o t  ( f ig .  3) was regulated by a movable gate, one f o r  each 
in l e t ,  located within the fuselage. 
each duct t o  indicate the onset of i n s t ab i l i t y  of the  main duet flow. A 
balance housed within the forebody measured the gross drag, and pressure 
or i f ices  located i n  the base measured the base drag. Eowever, for many 
of the configurations t ce w a s  inoperable. 

Flow through the bomdary- 

A pressure transducer was  mounted i n  

The duct contours f o r  the range of variable second ramp angles tes ted 
are shown i n  figure 3. The f i r s t  ramp l e  w a s  9' f o r  a l l  the configura- 
t ions except t ha t  used w i t h  the minimum f ron ta l  area cowl Cain f o r  which 
a 12O f i r s t  ramp angle w a s  used. 
angle of the modified cowl GO' were obtained by decreasing the thickness 
of the or ig ina l  cowl C, without changing the in te rna l  duct l ines .  The 
over-all  external modification can be seen by comparing 
of Co and Go' i n  figures l ( c )  and (a) .  The maximum f ron ta l  area o f  the 

The reduced f ron ta l  area and i n i t i a l  

photographs 
I? 
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Co cowl was  reduced by about 8 percent, not including the capture area. 
a For the cowl used with the increased boundary-layer diver ter  height C i ,  

the external and in te rna l  l ines  were necessarily displaced f a r the r  from 
the fuselage. The cowl with minimum f ron ta l  area Cmin was  obtained by 
recontouring the in te rna l  and external l ines  of the cowl and the i n i t i a l  
portion of the subsonic diffuser.  
t o  be fa i red  s t ra ight  back, producing about a 50-percent reduction of 
f ron ta l  area over tha t  of the Co cowl. In addition, rapid i n t e r n a l t u r n -  
ing of the flow resulted. The in te rna l  area dis t r ibut ion f o r  a l l  the 
cowls remained fixed. 

This allowed the outside of the cowl 

TEST METHODS 
1. 
2 
L 
!I. 

The total-pressure recovery was  obtained by the area weighted method 
using the rake at the compressor face. The main duct mass flow w a s  
obtained by the "choked plug" method using the eight static-pressure o r i -  
f i ce s  ahead of the plug (see f ig .  2),  the known r a t i o  of the minimum area 
at the plug and the area a t  the eight s t a t i c  or i f ices ,  and a flow coeffi-  
cient of 0.99. The external-chord-force coefficient Cx i s  the chordwise 
component of the external forces presented i n  coefficient form which 
excludes the base pressure forces and the in te rna l  force developed by the 
change i n  momentum of the main duct flow between the f ree  stream and the 
location of the eight static-pressure or i f ices .  Also excluded from Cx 
is  the in te rna l  force developed by the change i n  momentum of both the 
diver ter  duct flows. The coefficient Cx includes the in te rna l  force 
developed by the bleed flow through the s l o t s  since no attempt was made t o  
measure the momentum change. The instrumentation used t o  measure bleed 
flow rates  proved t o  be inadequate; hence, bleed flow rates  f o r  the super- 
c r i t i c a l  range have been estimated as the difference between the main 
duct m a s s  flow with zero bleed flow and tha t  a t  maximum recovery f o r  the 
various bleed flow gate set t ings.  

* 
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The average r, M i ,  i n  a plane ju s t  ahead of the i n l e t  was 
obtained with the wedges shown i n  figure 2 by means of average 
values of the static and t o t a l  pressures. Pitot-pressure prof i les  of the 
fuselage boundary layer at t h i s  same s ta t ion  were obtained with the 
boundary-layer rake shown i n  figure 2. 

RESULTS AND DISCUSSION 

A summary table  showing the Configurations tested- and the range of 
variables investigated f o r  each configuration has been prepared and is 

0 
as table  11. The experimental resu l t s  of the investigation are 
i n  figures 7 t o  11 and i n  table  111. 
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Effects of Boundary-Layer Bleed and Angle of Attack 
a 

The ef fec ts  of boundary-layer bleed at  the throat of the i n l e t  are 
considered f o r  the model configuration which involved variation i n  the 
length of the fuselage forebody and changes i n  both the height of the 
fuselage boundary-layer diver ter  and the accompanying cowl shape. Data 
are presented i n  figures 5(a),  (b),  (c ) ,  and (d) ,  and summarized i n  f ig -  
ure 5(e)  f o r  Mach number 2.0. Also shown i n  figure 5(e)  is the maximum 
recovery f o r  the or ig ina l  inlet-fuselage combination without any provi- 
sion f o r  boundary-layer bleed a t  the throat.  
improvement i n  peak pressure recovery above tha t  of the or ig ina l  i n l e t  
resu l t s  from throat  bleed and configuration changes, the peak recoveries 
being about 3 to 5 percent greater. 
of the i n l e t  resu l t s  i n  such a large increase in  boundary-layer thickness 
tha t  considerable low-energy a i r  i s  sp i l led  over the diver ter  on t o  the 
compression surfaces and into the i n l e t  (see f i g .  6 ) .  Without bleed the 
recovery is  below tha t  of the basic configuration without a slot. With 
bleed the peak recovery i s  approximately 1-1/2 percent greater than tha t  
of the short  nose configuration, but more bleed is  required to achieve the 
-peak recovery. When the diver ter  height i s  increased t o  avoid injest ion 
of some of the fuselage boundary layer, the recovery with zero bleed i s  
increased above t h a t  of the short  nose configuration, and the maximum 
recovery f o r  t h i s  configuration is  achieved at  a bleed flow ra te  comparable 
to the bleed requirements f o r  the short  nose configuration. The net r e su l t  
i s  t h a t  the maximum recovery with o r  without bleed f o r  the long nose con- 
f igurat ion was greater than t h a t  for the short  nose. The reason f o r  t h i s  
l i e s  i n  the e f fec t  of the fuselage flow f i e l d  ahead of the in l e t ,  which 
w i l l  be discussed l a t e r  i n  more de t a i l .  

Generally a s ignif icant  

Extending the fuselage forebody ahead 

In general, the performance of t h i s  type of side i n l e t  a t  angle of 
a t tack is  known t o  be re la t ive ly  poor as a r e su l t  of crossflow ef fec ts  
f romthe  fuselage ahead of the in l e t .  The fuselage forebody at  angle of 
a t tack not only has a boundary-layer build-up i n  the ax ia l  direction, but 
also i n  the crossflow direction along the sides.  If the fuselage boundary- 
layer diver ter  is not high enough to accommodate the additional crossflow 
boundary layer, the in l e t  performance suffers  accordingly. These effects  
are indicated by figure 5(e) wherein the maximum pressure recovery is  
plotted as a function of angle of a t tack and by the corresponding boundary- 
layer prof i les  of f igure 6. 
the f orebody with i t s  attendant increase i n  boundary-layer thickness with- 
out increasing the diver ter  height i s  disastrous and resu l t s  i n  a loss  of 
12-percent pressure recovery. 

Obviously at  5' angle of attack, extending 

5. 
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Effect of Variable Geometry 

If an inlet-duct combination is  to maintain high performance over 
a wide range of Mach numbers, provision f o r  variation of the geometry of 
the ramp angles, together with the minimum throat area, must be made. In 
the case of the present i n l e t ,  the first-ramp angle was fixed and only 
the second-ramp angle and minimum throat  area were variable (see f ig .  3 ) .  
The c r i t i c a l  nature of the second-ramp angle a t  high free-stream Mach 
number i s  shown i n  figure 7, wherein the maximum total-pressure recovery 
is  plotted as a function of the second-ramp angle f o r  the free-stream 
Mach numbers indicated. This figure is  a cross plot of the data appearing 
i n  table  111. It i s  evident t ha t  the maximum recovery becomes more sen- 
s i t i v e  to change i n  second-ramp angle as the free-stream Mach nutnber is  
increased . 

-\ 

Effect of Fuselage Flow Field 

A comparison of the experimental peak total-pressure recovery with 
the theore t ica l  shock recovery may indicate i f  there i s  a loss i n  recov- 
ery associated with induced effects .  In  the present case the in l e t  is  
located i n  such a position tha t  the average Mach number at the in l e t  i s  
greater than the free-stream Mach number (see f i g .  6 ) .  

would be i f  the Mach number at  the i n l e t  were equal to the free-stream 
value. 
is shown i n  figure 8. 
figure 7 f o r  each configuration. The theore t ica l  three-shock recovery 
calculated from reference 4 is  compared with the optimum pressure recovery 
from figure 7 which does not include subsonic diffuser  losses. The e s t i -  
mated recovery with the in l e t  Mach number equal to the free-stream Mach 
number is obtained with the aid of figure 6. 
nose configuration, at  M, = 2.0 and a = 2.1°, f ind  
figure 6 .  Enter figure 8 at 
measured peak recovery between M, and M i  i s  about 0.036. Add t h i s  recov- 
ery to the measured recovery (0.862) at  
recovery (0.898). 
configurations. This indicates t ha t  substant ia l  increases i n  recovery 
would be possible if the in l e t  were located i n  a more favorable fuselage 
flow f i e l d .  

e 

As a resu l t ,  the 
#a shock, boundary layer, and other possible losses are greater than they 

A n  estimate of the magnitude of the total-pressure recovery loss 
The curve of peak recovery is cross-plotted from 

For example, f o r  the short 
M i  to be 2.12 from 

M i  = 2.12 and note tha t  the change i n  

M, = 2.0 to f ind the estimated 
An improvement of 2 to 4 percent is shown f o r  a l l  three 

ca Effect of Boundary-Layer Diverters 

B Several possible boundary-layer diverters were tes ted to assess the 
effects  of the diver ter  on the i n l e t  performance since it i s  known tha t  
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the diver ter  can have an e f fec t  on the upstream boundary layer. 
shows the resu l t s  at & = 2.00 and a = 2.1' f o r  the four boundary-layer 
diver ter  configurations i l l u s t r a t ed  i n  f igure 3. The divester  with the 4 

f i r s t  - ramplip extension De causes a signif  i c m t  loss i n  total-pressure 
recovery, probably because of the boundary-layer build-up on the extension. 
The other three diver ter  configurations produce l i t t l e  change i n  these 
parameters, indicating considerable freedom i n  the design of the diver ter  
plan form. 

Figure 9 

Effects of Cowl Modifications and Rapid Turning 

A high pressure f i e l d  acting on the f ron ta l  area of the cowl of an 
in l e t  i s  always a potent ia l  source of excessive external drag. Obviously, 
reducing the f ron ta l  area and the i n i t i a l  external cowl angle reduces the 
drag. A minirnum f ron ta l  area, however, can be attained only through the 
incorporation of rapid turning of the in te rna l  flow. The experimental 
increments of drag reduction attainable by reducing the f ron ta l  area and 
i n i t i a l  cowl angle are shown i n  figure 10. The cowl with only the outside 
contours modified Cot (see f i g .  3)  and w i t h  no bleed s l o t  SO shows about 
a 0.12 reduction i n  minimum external-chord-force coefficient from tha t  of 
the or ig ina l  cowl. 
of drag on a ful l -scale  airplane (& = 2.00, a l t i tude  = 35,000 f ee t ,  NASA 
standard day) th i s  amounts t o  about 1170 pounds. 
f r o n t a l  area and rapid turning of the flow at  the throat 
a bleed s l o t  S similarly has a drag reduction which is  probably greater 
than shown because no account i s  made i n  the experimental drag f o r  the 
in te rna l  momentum loss of the bleed m a s s  flow. This seduction i n  drag 
w a s  realized with l i t t l e  change i n  maximum total-pressure recovery. 
pare the maximwn recovery data point here of 0.865 w i t h  the peak recovery 
of 0.867 shown i n  figure 5(e)  f o r  the short  nose configuration.) Insofar 
as s table  mass-flow range is concerned, although the minimum stable  m a s s  
flow i s  not well  defined here f o r  the Cain configuration, data available 
a t  other angles of attack indicate l i t t l e  change from tha t  of the other 
two configurations. 

Considering the model to be @-scale then i n  terms 

The cowl w i t h  minimum 
Cmin and w i t h  

(Com- 

Distortion Contours 

Figure 11 shows typica l  total-pressure contours a t  the compressor 
face f o r  the three main configurations previously discussed. The plots 
are f o r  peak total-pressure recovery points at Mach number 2.00 and angles 
of a t tack of 0.lo, 2.1°, and 5.1'. 
configurations, there are  contours f o r  f ive bleed flow rates  at  a = 2.1'. 

In addition, f o r  one of the long nose 
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The improvement i n  the uniformity of the contours with the i n i t i a l  
increases of bleed is  apparent as i s  the reduction of recovery i n  the 
lower portion of the duct with increasing angle of attack.' 

SUMMARY OF RESULTS 

It has been shown tha t  with boundary-layer bleed through a slot at 
the throat  of the i n l e t  and with configuration changes the maximum t o t a l -  
pressure recovery was  improved by about 3 t o  5 percent over t ha t  of a sim- 
i l a r  configuration without a slot. In addition, if the model w a s  consid- 
ered t o  be ~ /8-sca le ,  reducing the i n i t i a l  cowl angle and the f ron ta l  area 
of the cowl by chmging only the outside contours of the or ig ina l  config- 
uration would reduce the ful l -scale  airplane drag by about 1170 pounds 
(& = 2.00, a l t i tude  = 35,000 fee t ,  NASA standard day). Recontouring the 
in te rna l  and external l ines  of the cowls t o  fur ther  reduce the f ron ta l  
area resulted i n  in te rna l  duct l ines  which produced rapid turning of the 
in te rna l  flow. For t h i s  l a t t e r  modification, the drag reduction was 
probably even greater.  It was noted tha t  the total-pressure recovery 
need not be reduced by rapid turning of the flow i f  the boundary layer at 
the throat  of the i n l e t  is controlled with a bleed slot. Unfavorable 
location of the i n l e t  in  the fuselage flow f i e l d  prevented b e t t e r  perform- 
ance of t h i s  twin-duct side i n l e t  from being achieved. It was  also shown 
tha t  considerable var ia t ion i n  the plan-f o m  shape of the boundary-layer 
diver tes  did not s ignif icant ly  a l t e r  the maximum. total-pressure recovery. 

Ames Research Center 
National Aeronautics and Space Administrat ion 

Moffett Field,  C a l i f . ,  Nov. 17, 1959 

d 
%e bleed mass-flow r a t i o  is  not available f o r  a = 0-1' and 5.i0, 

but the  r a t i o  is  believed t o  be re la t ive ly  unaffected by these changes 
i n  angle of attack. 
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TABL;E 1.- DUCT IWD COWL CENTER-LINE COORDINATES 

A B C  
- -  - - - - - -  
- - - -  - - - -  
2.34 2.34 
2.37 2.42 
2.41 2.4f 

2.45 2.54 
2.45 2.56 

2.43 2.51 

C o w l  lip at 
X =1.31, 1.24, or 1.36 

X =-1.43 or -1.13 

0.59 
.82 - - - -  

- - - -  
1.38 

1.48 
1.51 
1.53 
1.54 
1.55 

1.44 

1.55 
1.54 
1.53 
1.52 
1.49 
1.47 

1.40 

1.32 
1.28 
1.24 

1.43 

1-37 

1.14 
1.03 
0.92 
.80 
.67 
.54 

.25 

.40 

.10 - .11 

1.13 
1.18 

_ _ _ _  - - - -  
- - - - - - - - 
2-59 2-59? 
2.58 2.65 
2.63 2.71 

2.72 2.81 
2.75 2.85 
2.78 2.88 
2.80 2.91 
2.81 2.93 

2.68 2.76 

2.82 2.95 
2.82 2.97 
2.82 2.97 
2.81 2.98 
2.80 2.98 
2.78 2.98 

2.72 2.96 

2.68 2.92 
2.63 2.91 
2.60 2.89 

2.75 2.97 

2.70 2.94 

2.53 2.85 
2.45 2.80 
2.37 2.76 
2.28 2.72 
2.18 2.69 
2.09 2.66 

1.91 2.61 
2.00 2.63 

1.82 2.59 
1.72 2.59 

1.22 
1.25 
1.27 
1.28 
1.29 
1.29 
1.29 
1.28 
1.27 
1.24 
1.22 
1.20 
1.17 
1.13 
1.10 
1.07 
1.02 
0.93 
.84 
.73 
* 63 
.52 
.40 
* 29 
.I7 
.05 
.11 

2.76 

2.71 
2.69 
2.68 
2.65 
2.62 
2.61 
2.60 
2.59 
2-59 

2.73 

- 

CO - 
B - - - - -  
_-_. 
2.34 
2.34 
2.4C 
2.45 
2.4e 
2.51 
2.52 
2.54 
2.5: 
2-55 
2.56 

2.52 
2.51 
2.5~ 

2.54 
2.53 

2 .be 
2.47 
2.44 
2.42 
2.4C 
2.36 
2.3~ 
2.2: 
2.1e 
2.11 
2.04 
1.9f 
1.9~ 
1.82 
1.72 

B - .--. 
.--. 
!.34 
!.37 
! .42 

0 u 

3 
H 

I 

Cmin 

1.21 2.43 
1.20 2.43 

1.18 2.41 
1.19 2-42 

1.17 2.40 
1.15 2.40 
1.13 2.39 
1.12 2.38 
1.10 2.36 

1.03 2.31 
0.96 2.28 
.87 2.22 
.76 2.18 
.63 2.12 
.50 2.06 

1.08 2.34 

-36 1-99 

L 

Ci 1 
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TABLE 11.- SUMMARY OF THE TEST 

Second-samp 
angle , 
de@; 

Bleed gate 
position, 

percent 
GXY 

Angle of 
attack, a, 

6% 

Free- strean 
Wch number, 

% 
Configu- 
ration ' Source 

NsCot DoS 

NLCo'D&3 

NLCiD, ' S 

NSCO' DoS 

NLCo' DoS 

NLCiDo' S 

NsCo' DoS 

19 2.00 2.1 0-100 

2POO Fig. 5(b 

Fig. 5(c' 

19 0- 100 2.1 A 
2 
1 
4 19 0-72 

50 

50 
50 

50 

2.00 

2.00 

2.00 

2.1 

0.1, 2.1, 5.1 

0.1, 2.1, 5.1 
0.1, 2.1, 5.1 

2.1 

2 .oo 

1-59> 1.70 

2.10 
1.90, 2.00 

Table 
I11 

Tab l e  
111 

2.1 50 

2.1 

1.59, 1-70, 

2.10 
1.90, 2.00, 

Table 
III 

50 ' NLCiDo'S 

2.1 

2,1 

2.1 

2.1 

2.00 19 

19 

.19 

19 

2.00 
Mg. 9 

2.00 

2.00 

2.1 

2.1 

2.1 

2.00 

2 .oo Fig. 10 

2.00 

. . 



TABLE 111. - EXPERIMENTAL DATA FOR VARIABLE GEOMETRY; a = 2.1' 

0.862 
.852 
,874 
.go6 
950 
.948 
* 927 
,901 
.874 

0.485 
.494 
.561 
.620 
701 

* 736 
,771 

* 833 
.811 

= 1.70; 6 ,  = 8' 

I 802 .518 

.881 .711 
,912 .778 
.887 798 
859 .829 
.829 - 853 
.795 -855 
= 1.90; 6 ,  = ao 

.803 .642 

.805 
,813 

* 729 ,858 
.860 - 697 .870 

& = 2.00; 6, = 8' 

.720 ,879 

.686 
,656 ,894 
.632 .898 

0.875 0.474 0.859 0.490 
.875 ,500 .937 .542 
.896 -531 * 938 e579 
.955 .582 -938 .617 
-952 .628 * 897 ,644 
,949 .682 -937 .666 
.949 .708 .928 686 
.945 * 751 .897 .708 
,933 .780 859 .722 
9 907 ,799 .862 * 725 

Iv&, = 1.70; 6, = 13' I& = 1.90; 6, = 19' 

.868 
*938 
.933 
.928 
* 931 
,930 
.928 
.go2 

& = 1.90; 

,867 
.a59 
,849 
.836 
-799 

,830 

,885 

.850 

.892 

,886 
.885 

.813 

,851 
.831 ,851 
,834 ,852 

.860 

.628 

.681 
* 703 
.731 
0758 
775 

* 793 

8, = 19' 

.626 
-727 
,744 
.745 
,746 
-799 
.809 
.826 
.g04 

& = 2.00; 6, = 13' & = 2n10; 

,784 .754 ,744 
.814 -797 .809 
.800 .815 .816 

~751 .851 ,803 

.736 

,786 .849 .826 

.768 

6, = 19' 

.683 
* 755 
-779 
,804 
.815 
,832 
.849 

I&, = 1.59; 6 ,  = 30' 

,407 
,426 

.864 ,444 
801 .460 

& = 1.70; 6, = 30' 

.858 ' 0.310 
-909 ,388 
,898 ,427 

.842 .467 

* 899 .344 

* 879 .447 

.775 .480 

b&, = 1.90; 6, = 30' 

.856 

-509 
* 730 

= 2.00; 6, = 30' 

.830 

.809 

.768 



TABU3 111.- EXPERIMENTAL DATA FOR VARIABU GEOMETRY; 
0 a = 2.1 - Continued 

(b 1 y o  DoSG,, 

- 739 
~ .765 

.762 
~ -707 

-737 
A81 

-937 
-927 
.898 .811 
.870 

M, = 1.70; 6, = 8' 

* 796 
.862 
,851 
.817 

.728 
* 773 

.891 .802 
.815 

I&, = 1.90; 6, = 8' 

* 717 - 790 
.809 
.829 

.865 

.847 

.749 .782 

.778 .786 

-795 .794 
- 778 * 790 
.780 ,872 

796 
.841 
.851 
,864 
.868 
* 873 

?&, = 2.00; 6, = 8' I-- .742 .840 .846 

.850 
.671 .886 

- 769 
-775 
.803 
.749 
.702 
.664 

I 

0.860 0.536 

.944 
* 944 

.733 
-938 * 749 

,764 
* 915 .793 
.896 .810 

M, = 1.70; 6, = io' 

.881 

&, = 1.70; 6, = 13' 

. go1 .756 -919 * 709 
* 915 -775 -932 .7k 
-909 .787 * 931 -752 
-915 - 775 .922 -775 
.896 * 795 .896 .801 
,876 .820 .857 .824 
-853 ,831 

I&, = 1.90; 6, = 10' Mm = 1.90; 6, = 13' 

.821 .829 

.780 

.739 -851 

&, = 2.00; 6, = 10' 11 M, = 2.00; 6, = 13' 
I I I  I 

.765 

.821 
-835 
.846 
.861 
.874 

I II I 

F ?&, = 1.59; 6, = 17" 

.889 

~m = 1.90; 6, = 17' 

.892 

.812 .817 
.829 

I&, = 2.00; 6, = 17" 

1 

1 



TABLE 111.- EXPERDENTAL DATA FOR VARIABLE GEOMETRY; 
CL = 2.1' - continued 

(b) NLC~ 'D~SG, ,  - C o n c l u d e d  

& = 1.59; 6, = 19' ?& = 1.59; 6, = 23' 6, = 30' 

0.333 

6, = 30° 

0.898 
* 929 
.944 
.939 
-909 
.867 
.815 

0 -507 
.547 
a567 
.619 
.652 
* 675 
.678 

0.869 
* 919 
929 

* 929 
* 915 
,925 

-853 
.887 

0.421 
.467 
.491 
.502 
.549 
-550 
-572 
-587 

0.900 
.go8 
.912 
,896 
.869 
,818 

A 
2 

& = 1.70; = 1.70; 6, = 23' 

.896 

.881 .599 

.844 .611 

.805 .624 

~m = 1.70; 6, = 19' 

,664 
.851 
.800 .72o 
.896 

.887 

.844 
* 790 .464 . 
.722 

& = 1.90; 6, = 30' Mm = 1.90; 6, = 19' N,, = 1.90; 6, = 23' 

.662 

.691 

N,, = 2.00; 6 ,  = 23O 

.821 

.781 .682 
.807 .787 
.888 * 799 

?& = 2.00; 5,  = 19' 

.811 

.865 

.856 

.809 

.774 

.872 

.845 

-693 
* 765 
.774 
783 
.803 
.819 

.788 

* 769 
.850 
-837 
.800 
a759 '.. 720 

.604 

.690 

.696 
* 705 
.729 
-737 

& = 2.10; 6, = 19O 
1 

* 792 
.821 
.674 
-733 
.691 

-731 
.805 
.828 
.845 
.847 

P 
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.847 

.864 
,862 
.881 
'866 
.831 
.780 

T A B U  I11 - EXPERIMENTAL DATA FOR VAXIABU GEOMETRY; 
a = 2.1' - Concluded 

-731 
.n9 
.772 
.808 
.829 
.846 
.856 

& = 1.59; 6, = 10' 

.928 .806 

.go2 

& = 1.70; 6, = ioo 

,910 .806 
.891 
.883 .842 
,857 

& = 1.90; 6 ,  = 10' 

.823 

.846 

.825 
,816 
.806 
.764 

.781 

.829 

.834 
,838 
877 
.879 

I 

M, = 2.00; 6, = 10' 

.757 

.785 
0773 
,718 
793 

* 790 
.843 
.865 
,894 
,898 

I&, = 1.59; 6, = 13' 
0-905 
.961 
.953 
.940 
.934 
,924 

.947 
903 

0 -543 
* 589 
.714 
.785 - 796 
.802 
.812 
.8b 

I&, = 1.70; 6, = 13' 

.894 

.947 

.940 
,935 

.619 

.657 

.740 
783 

.694 

,822 
.846 

I 

lv~o = 1.90; 6, = 13' 

.848 

.881 

.876 
,866 
,857 
'820 
778 

.836 

.857 
,876 

t 
& = 2.00; 6 ,  = 13' 

.805 

,819 
.812 

.834 

.812 
776 

,777 
731 

* 776 

-835 

.877 
* 879 
893 

.822 

.862 

.862 

I 

-953 .597 
,949 1 ,637 
.933 .668 
.911 .a2 :z 1 ~:2;; 

~rz, = 1.70; 6, = 19' 

.610 

.651 
-933 .689 

.872 

.817 

6 910 * 717 

& = 1.90; 8, = 190 

.891 

.862 .809 
-837 .817 
.810 .818 

Ez, = 2.00; 6, = 19' 

Ea, = 2.10; S, = 19' 

.827 
,820 .852 
.820 
,784 .870 

.878 

t 
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A-23146 
(a) Typical configuration mounted i n  the wind tunnel. 

(b) Details of the i n l e t .  A-24088 

F i w r e  1.- PhotomaDhs of the model. 
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A- 25 743 
( e )  Original cowl, c,. 

A-25744 

(d) Modified cowl, Cor. 

Figure 1.- Concluded. 
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Figure 5.- Pe 
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(a) Effect of bleed; short nose; a = 2.1 0 . 

.9 

rformance characteristics with boundary-layer bleed t 
the s lo t ;  I&, = 2.00. 
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(c) Effect 

.E 

4 

.08 

-9 

Pt2. - 
Ptm 

.8 

-7 .8 -9 *7 

m s  
moo 

of bleed; long nose with the increased boundary-lay 
height; a = 2.1'. 

Figure 5.- Continued. 
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I diverter, 
lconfiauration I I I I I 4Peak recoverv, I I 

I I , I A I I  / I  I y  I I I I 

1.0 

.8 
1.0 

.8 

Figure 8.- Effect of fuselage flow field on peak total-pressure recovery; 
CL = 2.1*. 
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.8 '9 

Figure 9.- Comparison of the performance characterist ics with various 
boundary-layer diverters; a = 2.1°, & = 2.00. 
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.a -9 
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'* 
Figure 10.- Comparison of drag and performance for  the various cowls; 

a = 2.10, & = 2.00. 
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Short nose 
confiwat ion,  NsC&D&& 

I Long nose 
configmation, N L C & D ~ S G ~ ~  

Long m8e 
configuration, NLC;;DOSOO -loo 

Figure 11.- Contours of total-pressure recovery at compressor face. 
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